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SPECIFICATION 



TITLE OF THE INVENTION 



AN OPTICAL RECORDING MEDIUM 



5 



BACKGROUND OF THE INVENTION 

The present invention relates to a method for determining the 
power of a laser beam» a method for determining a critical parameter used 
for determining the power of a laser beam, an optical recording medium 

10 and a data recording apparatus and, particularly, to a method for 
determining the power of a laser beam which can determine the recording 
power of the laser beam so that jitter of a reproduced signal obtained by 
reproducing data recorded in a data rewritable tsrpe optical recording 
medium can be controlled within a tolerance even when cross erasing of 

15 data occurs and that the reproduced signal having the highest level can 
be obtained, a method for determining a critical parameter used for 

determining the power of a laser beam which can determine the recording 

/ 

power of the laser beam to be projected onto a data rewritable type optical 



recording medium so that jitter of a reproduce'd" signal obtained by 
20 reproducing data recorded in the data rewritable type optical recording 
medium can be controlled within a tolerance even when cross erasing of 
data occurs and that the reproduced signal having the highest level can 
be obtained, a data rewritable type optical recording medium in which a 
critical parameter used for determining the power of a laser beam which 
25 can determine the recording power of the laser beam so that jitter of a 
reproduced signal obtained by reproducing data recorded therein can be 
controlled within a tolerance even when cross erasing of data occurs and 
that the reproduced signal having the highest level can be obtained, a 
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data recording apparatus storing a critical parameter used for 
determining the power of a laser beam which can determine the recording 
power of the laser beam to be projected onto a data rewritable type optical 
recording medium so that jitter of a reproduced signal obtained by 
5 reproducing data recorded in the data rewritable type optical recording 
medium can be controlled within a tolerance even when cross erasing of 
data occurs and that the reproduced signal having the highest level can 
be obtained, and a data recording apparatus storing an optimuin 
recording power of a laser beam to be projected onto a data rewritable 
10 optical recording medium so that jitter of a reproduced signal obtained by 
reproducing data recorded in the data rewritable type optical recording 
medium can be controlled within a tolerance even when cross erasing of 
data occnirs and that the reproduced signal having the highest level can 
be obtained. 

15 

DESCRIPTION OF THE PRIOR ART 

Optical recording discs such as the CD. DVD and the like have 
been widely used as recording media for recording digital data. 

As a method for recording data in an optical recording medium, 
20 there has been widely used a method for modulating data to be recorded 
into lengths of a recording mark and a blank region. For example, in a 
DVD-RW which is an optical recording medium in which data can be 
rewritten by the user, recording marks and blank regions having lengths 
corresponding to a 3T signal to an llT signal and a 14T signal are used 
25 for recording data therein. 

In the case where data are to be recorded in a recording layer 
containing a phase change material of a data rewritable optical recording 
medium, a laser beam whose power is modulated is projected onto the 
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recording layer along a track formed on the optical recording medium, 
thereby forming an amorphous region in the recording layer so that the 
thus formed amorphous region of the recording layer is used as a 
recording mark and a crystalline region of the recording layer is used as a 
5 blank region. 

In the case where a recording mark is to be formed at a 
predetermined region of the recording layer, the power of a laser beam is 
modulated to a sufficiently high recording power Pw, the laser beam is 
projected onto the predetermined region of the recording layer, thereby 

10 heating the predetermined layer of the recording layer to a temperature 
equal to or higher than the melting point of a phase change material and 
the power of the laser beam is then modulated to a bottom power Pi& lower 
than the recording power Pw, thereby quickly cooling the predetermined 
layer of the recording layer and changing the phase thereof from a 

15 crystalline phase to an amorphous phase. 

To the contrary, in the case where a recording mark formed in the 
recording layer is to be erased, the power of the laser beam is modulated 
to an erasing power Pe higher than the bottom power Ph and lower than 
the recording power Pw, the laser beam is projected onto a region of the 

20 recording layer where the recording mark is formed, thereby heating the 
region of the recording layer to a temperature equal to or higher than the 
crystallized temperature of the phase change material and the region of 
the recording layer is then gradually cooled, thereby crystallizing the 
phase change material in an amorphous phase. 

25 In this manner, it is possible to form a recording mark in the 

recording layer and erase the recording mark formed in the recording 
mark by modulating the power of a laser beam to be projected onto the 
recording layer between the recording power Pw^ the erasing power Pe 
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and the bottom power Pb different from each other, thereby directly 
overwriting a recording mark formed in the recording layer with a 
different recording mark. 

However, in a data rewritable type optical recording medium, 
6 when data are to be written in the recording layer on a particular track of 
a recording layer, the reduction in carrier levels of data written on 
opposite tracks of the track, namely» so-called cross erasing of data 
sometimes occurs. 

Particularly, in a next*generation type optical recording medium 
;lO that offers increased recording density and has an extremely high data 
transfer rate, cross erasing of data tends to occur in comparison with a 
conventional optical recording medium. 

More specifically, in a next-generation type optical recording 
medium, since in order to achieve high data transfer rate, it is required to 
15 record data at a higher linear recording velocity that that for recording 
data in a conventional optical recording medium and it is required to set a 
recording power of a laser beam to a higher level as the linear recording 
velocity is higher, when data are to be written on a particular track of a 
recording layer, tracks on the opposite sides of the track are liable to be 
20 subjected to thermal influence from the track on which data are to be 
written and cross erasing of data tends to occur. 

Further, in a next-generation type optical recording medium, since 
a ratio TP/D of a track pitch TP to a spot diameter of the laser beam is 
small, when data are to be written on a particular track of a recording 
25 layer, cross erasing of data tends to occur. 

SXJMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a 
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method for determining the power of a laser beam which can determine 
the recording power of the laser beam so that jitter of a reproduced signal 
obtained by reproducing data recorded in a data rewritable type optical 
recording medium can be controlled within a tolerance even when cross 

5 erasing of data occurs and that the reproduced signal having the highest 
level can be obtained. 

It is another object of the present invention to provide a method for 
determining a critical parameter used for determining the power of a 
laser beam which can determine the recording power of the laser beam to 

10 be projected onto a data rewritable type optical recording medium so that 
jitter of a reproduced signal obtained by reproducing data recorded in the 
data rewritable type optical recording medium can be controlled within a 
tolerance even when cross erasing of data occurs and that the reproduced 
signal having the highest level can be obtained* 

15 It is a further object of the present invention to provide a data 

rewritable type optical recording medium in which a critical parameter 
used for determining the power of a laser beam which can determine the 
recording power of the laser beam so that jitter of a reproduced signal 
obtained by reproducing data recorded therein can be controlled within a 

20 tolerance even when cross erasing of data occurs and that the reproduced 
signal having the highest level can be obtained. 

It is a still further object of the present invention to provide a data 
recording apparatus storing a critical parameter used for determining the 
power of a laser beam which can determine the recording power of the 

25 laser beam to be projected onto a data rewritable type optical recording 
medium so that jitter of a reproduced signal obtained by reproducing data 
recorded in the data rewritable type optical recording medium can be 
controlled within a tolerance even when cross erasing of data occurs and 
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that the reproduced signal having the highest level can be obtained. 

It is a yet further object of the present invention to provide a data 
recording apparatus storing an optimum recording power of a laser beam 
to be projected onto a data rewritable optical recording medium so that 
5 jitter of a reproduced signal obtained by reproducing data recorded in the 
data rewritable type optical recording medium can be controlled within a 
tolerance even when cross erasing of data occurs and that the reproduced 
signal having the highest level can be obtained. 

The above objects of the present invention can be accomplished by 

10 a method for determining a power of a laser beam which is adapted for 
determining a recording power of the laser beam to be projected onto a 
data rewritable type optical recording medium for recording data therein, 
the method for determining a power of a laser beam comprising steps of 
projecting the laser beam onto a first track, a second track and a third 

15 track in this order formed on the data rewritable type optical recording 
medium to be adjacent with each other while varying a level of the 
recording power of the laser beam, thereby recording a first test signal, 
reproducing the first test signal recorded on the second track, measuring, 
for each of the levels of the recording power of the laser beam, jitter JJl of 

20 the thus reproduced signal, reproducing the first test signal recorded on 
the third track, measuring jitter JJO of the thus reproduced signal, 
projecting the laser beam onto the first track and the third track times 
where is a positive integer, thereby directly overwriting the first test 
signal recorded on the first track and the first test signal recorded on the 

25 third track with the first test signal, reproducing the first test signal 
recorded on the second track, measuring jitter JJ(zr + l) of the thus 
reproduced signal where n is an integer equal to or larger than 0 and 
equal to or smaller than obtaining, for each of the levels of the 
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recording power of the laser beam, a value of ncof n at which a function of 
a difference between JJ(ii -f- 1) and JJO becomes constant, determining the 
maximum value of nc as the number of times x of the direct overwriting 
required for saturating an influence of cross erasing of data on the first 
5 test signal recorded on the second track by directly overwriting the first 
test signal recorded on the first track and the first test signal recorded on 
the third track with the first test signal, setting the recording power of 
the laser beam to a predetermined level, projecting the laser beam onto a 
fourth track, a fifth track and a sixth track in this order formed on the 

10 data rewritable type optical recording medium to be adjacent with each 
other, thereby recording a second test signal thereon, reproducing the 
second test signal recorded on the fifth track, measuring an amplitude Al 
and jitter Jl of the thus reproduced signal, reproducing the second test 
signal recorded on the sixth track, measuring an amplitude AO of the thus 

15 reproduced signal, calculating, for each of the levels of the recording 
power of the laser beam, a first parameter as a function of a difference 
between the amplitude AO of the reproduced signal obtained firom the 
sixth track and the amplitude Al of the reproduced signal obtained firom 
the fifth track, directly overwriting the second test signal recorded on the 

20 fourth track and the second test signal recorded on the sixth track with 
the second test signal Jttimes, reproducing the second test signal recorded 
on the fifth track, measxuing an amplitude As and jitter Js of the thus 
reproduced signal, calculating, for each of the levels of the recording 
power of the laser beam, a second parameter as a function of a difference 

25 between the amplitude Al of the reproduced signal and the amplitude As 
of the reproduced signal, calculating a third parameter as a function of a 
difference between the jitter Js of the reproduced signal and the jitter Jl 
of the reproduced signal, obtaining a value of the first parameter 
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corresponding to a value of the second parameter when the third 
parameter is equal to a tolerance, thereby determining a critical 
parameter, recording a third test signal in the data rewritable type optical 
recording medium while varying levels of the recording power of the laser 
5 beam, measuring, when signal characteristics of a reproduced signal 
obtained by reproducing the third signal recorded in the data rewritable 
type optical recording medium satisfy reference conditions, an amplitude 
AAO of a reproduced signal obtained by reproducing the third test signal 
before the third test signal is influenced by cross erasing of data and an 

10 amplitude AAl of a reproduced signal obtained by reproducing the third 
test signal after the third test signal was once influenced by cross erasing 
of data for each of the levels of the recording power of the laser beam, 
calculating, based on the amplitude AAl of the reproduced signal and the 
amplitude AAO of the reproduced signal obtained by reproducing the third 

15 test signals, a fourth parameter as a function of a difference between the 
amplitude AAO of the reproduced signal obtained by reproducing the third 
test signal before the third test signal is influenced by cross erasing of 
data and the amplitude AAl of he reproduced signal obtained by 
reproducing the third test signal after the third test signal was once 

20 influenced by cross erasing of data, comparing the critical parameter and 
the fourth parameter, and determining the recording power of the laser 
beam at which the fourth parameter was obtained as an optical recording 
power when the fourth parameter is equal to or smaller than the critical 
parameter. 

25 According to the present invention, it is possible to determine an 

optimum recording power of the laser beam so that jitter of a reproduced 
signal obtained by reproducing data recorded in a data rewritable type 
optical recording medium can be controlled within a tolerance even when 
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cross erasing of data occurs and that that the reproduced signal having 
the highest level can be obtained only by measuring, when the signal 
characteristics of the reproduced signal obtained by recording recording 
the third test signal in the data rewritable type optical recording medium 
6 while varying levels of the recording power of the laser beam and 
reproducing the third test signal recorded in the data rewritable type 
optical recording medium satisfy the reference conditions, an amplitude 
AAO of the reproduced signal obtained by reproducing the third test 
signal before the third test signal is influenced by cross erasing of data 

10 and an amplitude AAl of the reproduced signal obtained by reproducing 
the third test signal after the first test signal was once influenced by cross 
erasing of data for each of the levels of the recording power of the laser 
beam, calculating a fourth parameter based on the amplitudes AAO and 
AAl of the reproduced signals obtained by reproducing the test signal as a 

16 function of the difference between the ampUtude AAO of the reproduced 
signal obtained by reproducing the third test signal before the third test 
signal is influenced by cross erasing of data and the amplitude AAl of the 
reproduced signal obtained by reproducing the third test signal after the 
first test signal was once influenced by cross erasing of data, and 

20 comparing the thus calculated fourth parameter with a critical parameter 
determined in advance. 

Further, according to the present invention, since the critical 
parameter is calculated by projecting the laser beam onto a first track, a 
second track and a third track in this order formed on the data rewritable 

25 type optical recording medium to be adjacent with each other, thereby 
recording a first test signal, reproducing the first test signal recorded on 
the second track, measuring, for each of the levels of the recording power 
of the laser beam, jitter JJl of the thus reproduced signal, reproducing 
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the first test signal recorded on the third track, measuring jitter JJO of 
the thus reproduced signal, projecting the laser beam onto the first track 
and the third track ^ times where j^is a positive integer, thereby directly 
overwriting the first test signal recorded on the first track and the first 
5 test signal recorded on the third track with the first signal, reproducing 
the first test signal recorded on the second track> measuring jitter JJCd 
l) of the thus reproduced signal where n is an integer equal to or larger 
than 0 and equal to or smaller than y, obtaining, for each of the levels of 
the recording power of the laser beam, a value of ne of n at which a 

10 function of a difference between JJGz + l) and JJO becomes constant, 
determining the maximum value of nc as the number of times x of the 
direct overwriting required for saturating an influence of cross erasing of 
data on the first test signal recorded on the second track by directly 
overwriting the first test signal recorded on the first track and the first 

15 test signal recorded on the third track with the first test signal, and 
determining the critical parameter based on the thus experimentally 
determined the number of times x of the direct overwriting required for 
saturating an influence of cross erasing of data on the first test signal 
recorded on the second track by directly overwriting the first test signal 

20 recorded on the first track and the first test signal recorded on the third 
track with the first test signal* even in the case where the first test signal 
has been repeatedly influenced by cross erasing of data until the influence 
of cross erasing of data on the first test signal recorded on the second 
track has been saturated, it is possible to accurately determine the 

25 critical parameter so as to correspond to the critical third parameter at 
which increase in jitter can be permitted and it is therefore possible to 
determine an optimum power of the recording power of the laser beam so 
that the increase in jitter of a reproduced signal can be controlled within a 
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tolerance by judging whether or not the fourth parameter is equal to or 
smaller than the critical parameter. 

In a preferred aspect of the present invention, the method for 
determining a power of a laser beam comprises steps of setting the 
5 recording power of the laser beam to a predetermined level, sequentially 
projecting the laser beam onto a seventh track and an eighth track formed 
on the data rewritable type optical recording medium to be adjacent with 
each other in this order, thereby recording a third test signal thereon, 
reproducing the third test signal recorded on the seventh track, judging 

10 whether or not signal characteristics of the thus obtained reproduced 
signal satisfy reference conditions, changing, when the signal 
characteristics of the reproduced signal do not satisfy the reference 
conditions, the level of the recording power of the laser beam and 
recording the third test signal onto the seventh track and the eighth track 

15 in this order formed on the data rewritable type optical recording medium 
to be adjacent with each other until signal characteristics of a reproduced 
signal obtained by reproducing the third test signal recorded on the 
seventh track satisfy the reference conditions^ reproducing the third test 
signal recorded on the seventh track and measuring an amplitude of the 

20 thus obtained reproduced signal, thereby obtaining the amplitude AAl, 
reproducing the third test signal recorded on the eighth track and 
measuring an amplitude of the thus obtained reproduced signal, thereby 
obtaining the amplitude AAO, and determining the fourth parameter as a 
function of a difference between the amplitude AAO of the reproduced 

25 signal obtained from the eighth track and the amplitude AAl of the 
reproduced signal obtained from the sixth track. 

The above and other objects of the present invention can be also 
accomplished by a method for determining a critical parameter used for 
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determining a recording power of a laser beam to be projected onto a data 
rewritable type optical recording medium for recording data therein, the 
method for determining a critical parameter used for determining the 
recording power of the laser beam comprising steps of setting the 
5 recording power of the laser beam to a predetermined level, sequentially 
projecting the laser beam onto a first track, a second track and a third 
track formed on the data rewritable type optical recording medium to be 
adjacent with each other in this order, thereby recording a first test signal 
thereon, reproducing the first test signal recorded on the second track, 

10 measuring an amplitude Al and jitter Jl of the thus obtained reproduced 
signal, reproducing the first test signal recorded on the third track, 
measuring an amplitude Al of the thus obtained reproduced signal, 
calculating a first parameter as a function of a difference between the 
amplitude AO of the reproduced signal obtained from the third track and 

15 the amplitude Al of the reproduced signal obtained from the second track, 
directly overwriting the first test signal recorded on the first track and 
the first test signal recorded on the third track with the first test signal 
predetermined times equal to a predetermined number of times x until an 
influence of cross erasing of data on the first test signal recorded on the 

20 second track has become saturated, reproducing the first test signal 
recorded on the second track, measuring an amplitude As and jitter Js of 
the thus obtained reproduced signal, calculating a second parameter as a 
function of a difference between the amplitude Al of the reproduced 
signal and the amplitude As of the reproduced signal, calculating a third 

25 parameter as a function of a difference between the jitter Js of the 
reproduced signal and the jitter Jl of the reproduced signal, repeatedly 
performing the above identified steps while varying levels of the recording 
power of the laser beam by a within a predetermined range, calculating 
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the first parameter, the second parameter and the third parameter for 
each of the levels of the recording power of the laser beam, obtaining a 
value of the first parameter corresponding to a value of the second 
parameter when the third parameter is equal to a tolerance, and 
6 determining the thus obtained value of the first parameter as a critical 
parameter. 

In a preferred aspect of the present invention, the method for 
determining a power of a laser beam comprises steps of projecting the 
laser beam onto a fourth track, a fiffch track and a sixth track in this order 

10 formed on the data rewritable type optical recording medium to be 
adjacent with each other, thereby recording a second test signal, 
reproducing the second test signal recorded on the fifth track, measuring 
jitter JJl of the thus reproduced signal, reproducing the second test 
signal recorded on the fifth track, measuring jitter JJO of the thus 

15 reproduced signal, projecting the laser beam onto the fourth track and the 
sixth track y times where y is a positive integer, thereby directly 
overwriting the second test signal recorded on the fourth track and the 
second test signal recorded on the sixth track with the second test signal, 
reproducing the second test signal recorded on the fifth track, measuring 

20 jitter JJOi 1) of the thus reproduced signal where n is an integer equal 
to or larger than 0 and equal to or smaller than y^ obtaining for each of 
the levels of the recording power of the laser beam, a value of nc of n at 
which a function of a difference between JJCn + l) and JJO becomes 
constant, and determining the maximum value of nc as the 

25 predetermined number of times x 

The above and other objects of the present invention can be also 
accomplished by a data rewritable tjrpe optical recording medium 
recorded with a critical parameter used for determining a recording 
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power of a laser beam, the critical parameter being determined by setting 
the recording power of the laser beam to a predetermined level, projecting 
the laser beam onto a first track, a second track and a third track in this 
order formed on the data rewritable type optical recording medium to be 
5 adjacent with each other, thereby recording a first test signal, 
reproducing the first test signal recorded on the second track, measuring 
jitter JJl of the thus reproduced signal, reproducing the first test signal 
recorded on the third track, measuring jitter JJO of the thus reproduced 
signal, projecting the laser beam onto the first track and the third track y 

10 times where yi^ b. positive integer, thereby directly overwriting the first 
test signal recorded on the first track and the first test signal recorded on 
the third track with the first test signal, reproducing the first test signal 
recorded on the second track, measuring jitter JJCd + l) of the thus 
reproduced signal where n is an integer equal to or larger than 0 and 

15 equal to or smaller than obtaining, for each of the levels of the 
recording power of the laser beam, a value of iic of n at which a function of 
a difference between JJ(xi l) and JJO becomes constant, determining the 
maximum value of jdc as the number of times x of the direct overwriting 
required for saturating an influence of cross erasing of data on the first 

20 test signal recorded on the second track by directly overwriting the first 
test signal recorded on the first track and the first test signal recorded on 
the third track with the first test signal, setting the recording power of 
the laser beam to a predetermined level, projecting the laser beam onto a 
fourth track, a fifth track and a sixth track in this order formed on the 

25 data rewritable type optical recording medium to be adjacent with each 
other, thereby recording a second test signal thereon, reproducing the 
second test signal recorded on the fifth track, measuring an amplitude Al 
and jitter Jl of the thus reproduced signal, reproducing the second test 
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signal recorded on the sixth track, measuring an amplitude AO of the thus 
reproduced signal, calculating, for each of the levels of the recording 
power of the laser beam, a first parameter as a function of a difference 
between the amplitude AO of the reproduced signal obtained from the 
5 sixth track and the amplitude Al of the reproduced signal obtained from 
the fifth track, directly overwriting the second test signal recorded on the 
fourth track and the second test signal recorded on the sixth track with 
the second test signal x times, reproducing the second test signal recorded 
on the fifth track, measuring an amplitude As and jitter Js of the thus 

10 reproduced signal, calculating, for each of the levels of the recording 
power of the laser beam, a second parameter as a function of a difference 
between the amplitude Al of the reproduced signal and the amplitude Aa 
of the reproduced signal, calculating a third parameter as a function of a 
difference between the jitter Js of the reproduced signal and the jitter Jl 

15 of the reproduced signal, and obtaining a value of the first parameter 
corresponding to a value of the second parameter when the third 
parameter is equal to a tolerance. 

The above and other objects of the present invention can be also 
accomplished by a data recording apparatus storing a critical parameter 

20 used for determining a recording power of a laser beam so as to be 
associated with ID data for identifying a kind of an optical recording 
medium, the critical parameter being determined by setting the recording 
power of the laser beam to a predetermined level, sequentially projecting 
the laser beam onto a first. track, a second track and a third track in this 

25 order formed on the data rewritable type optical recording medium to be 
adjacent with each other, thereby recording a first test signal thereon, 
reproducing the first test signal recorded on the second track, measuring 
jitter JJl of the thus reproduced signal, reproducing the first test signal 
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recorded on the third track, measuring jitter JJO of the thus reproduced 
signal, projecting the laser beam onto the first track and the third track y 
times where j^is a positive integer, thereby directly overwriting the first 
test signal recorded on the first track and the first test signal recorded on 
5 the third track with the first test signal, reproducing the first test signal 
recorded on the second track, measuring jitter JJCn + 1) of the thus 
reproduced signal where n is an integer equal to or larger than 0 and 
equal to or smaller than obtaining, for each of the levels of the 
recording power of the laser beam, a value of nc of n at which a function of 

10 a difference between JJCd + 1) and JJO becomes constant, determining the 
maximum value of Jdc as the number of times xof the direct overwriting 
required for saturating an influence of cross erasing of data on the first 
test signal recorded on the second track by directly overwriting the first 
test signal recorded on the first track and the first test signal recorded on 

15 the third track with the first test signal, setting the recording power of 
the laser beam to a predetermined level, projecting the laser beam onto a 
fourth track, a fifth track and a sixth track in this order formed on the 
data rewritable type optical recording medium to be adjacent with each 
other, thereby recording a second test signal thereon, reproducing the 

20 second test signal recorded on the fifth track, measuring an amplitude Al 
and jitter Jl of the thus reproduced signal, reproducing the second test 
signal recorded on the sixth track, measuring an amplitude AO of the thus 
reproduced signal, calculating, for each of the levels of the recording 
power of the laser beam, a first parameter as a function of a difference 

25 between the amplitude AO of the reproduced signal obtained from the 
sixth track and the amplitude Al of the reproduced signal obtained from 
the fifth track, directly overwriting the second test signal recorded on the 
fourth track and the second test signal recorded on the sixth track with 
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the second test signal times, reproducing the second test signal recorded 
on the fifth track, measuring an amplitude As and jitter Js of the thus 
reproduced signal, calculating^ for each of the levels of the recording 
power of the laser beam, a second parameter as a function of a difference 
5 between the amplitude Al of the reproduced signal and the amplitude As 
of the reproduced signal, calculating a third parameter as a function of a 
difference between the jitter Js of the reproduced signal and the jitter Jl 
of the reproduced signal, and obtaining a value of the first parameter 
corresponding to a value of the second parameter when the third 

10 parameter is equal to a tolerance, 

-The above and other objects of the present invention can be also 
accomplished by a data recording apparatus storing an optimum 
recording power of a laser beam so as to be associated with ID data for 
identifying a kind of an optical recording medium, the optimum recording 

15 power of the laser beam being determined by setting the recording power 
of the laser beam to a predetermined level, projecting the laser beam onto 
a first track, a second track and a third track in this order formed on the 
data rewritable type optical recording medium to be adjacent with each 
other, thereby recording a first test signal, reproducing the first test 

20 signal recorded on the second track, measuring jitter JJl of the thus 
reproduced signal, reproducing the first test signal recorded on the third 
track, measuring jitter JJO of the thus reproduced signal, projecting the 
laser beam onto the first track and the third track y times where yiso. 
positive integer, thereby directly overwriting the first test signal recorded 

25 on the first track and the first test signal recorded on the third track with 
the first test signal, reproducing the first test signal recorded on the 
second track, measuring jitter JJ(ii + l) of the thus reproduced signal 
where n is an integer equal to or larger than 0 and equal to or smaller 
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than jTy obtaining, for each of the levels of the recording power of the laser 
beam, a value of nc of n at which a function of a difference between JJCo + 
1) and JJO becomes constant, determining the maximum value of nc as 
the number of times jrof the direct overwriting required for saturating an 
5 influence of cross erasing of data on the first test signal recorded on the 
second track by directly overwriting the first test signal recorded on the 
first track and the first test signal recorded on the third track with the 
first test signal, setting the recording power of the laser beam to a 
predetermined level, projecting the laser beam onto a fourth track, a fifth 

10 track and a sixth track in this order formed on the data rewritable type 
optical recording medium to be adjacent with each other> thereby 
recording a second test signal thereon, reproducing the second test signal 
recorded on the fifth track, measuring an amplitude Al and jitter Jl of 
the thus reproduced signal, reproducing the second test signal recorded 

15 on the sixth track, measuring an amplitude AO of the thus reproduced 
signal, calculating, for each of the levels of the recording power of the 
laser beam, a first parameter as a function of a difference between the 
amplitude AO of the reproduced signal obtained firom the sixth track and 
the amplitude Al of the reproduced signal obtained firom the fifth track, 

20 directly overwriting the second test signal recorded on the fourth track 
and the second test signal recorded on the sixth track with the second test 
signal jr times, reproducing the second test signal recorded on the fifth 
track, measuring an amplitude As and jitter Js of the thus reproduced 
signal, calculating, for each of the levels of the recording power of the 

25 laser beam, a second parameter as a function of a difference between the 
amplitude Al of the reproduced signal and the amplitude As of the 
reproduced signal, calculating a third parameter as a function of a 
difference between the jitter Js of the reproduced signal and the jitter Jl 
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of the reproduced signal, obtaining a value of the first parameter 
. corresponding to a value of the second parameter when the third 
parameter is equal to a tolerance, thereby determining a critical 
parameter used for determining the recording power of the laser beam, 
5 setting the recording power of the laser beam to a predetermined level, 
projecting the laser beam onto a seventh track and an eighth track in this 
order formed on data rewritable type optical recording medium to be 
adjacent with each other, thereby recording a third signal, reproducing 
the third test signal recorded on the seventh track, judging whether or 

10 not signal characteristics of the thus reproduced signal satisfy reference 
conditions, changing, when the signal characteristics of the reproduced 
signal do not satisfy the reference conditions, the level of the recording 
power of the laser beam and recording the third test signal onto the 
seventh track and the eighth track in this order formed on the data 

16 rewritable type optical recording medium to be adjacent with each other 
until signal characteristics of a reproduced signal obtained by 
reproducing the third test signal recorded on the seventh track satisfy the 
reference conditions, reproducing the third test signal recorded on the 
seventh track and measuring an amplitude of the thus obtained 

20 reproduced signal, thereby obtaining the amplitude AAl, reproducing the 
third test signal recorded on the eighth track and measuring an 
amplitude AAO of the thus obtained reproduced signal, determining the 
fourth parameter as a function of a difference between the amplitude AAO 
of the reproduced signal obtained firom the eighth track and the 

25 amplitude AAl of the reproduced signal obtained from the sixth track, 
comparing the critical parameter and the fourth parameter, and obtaining 
the recording power of the laser beam at which the fourth parameter was 
obtained when the fourth parameter is equal to or smaller than the 
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critical parameter. 

The above and other objects and features of the present invention 
will become apparent from the following description made with reference 
to the accompanying drawings. 

5 

BRIEF DESCRIPTION OP THE DRAWINGS 

Figure 1 is a schematic perspective view showing the structure of 
an optical recording medium that is a preferred embodiment of the 
present invention. 

10 Figure 2 is a block diagram of a data recording apparatus that is a 

preferred embodiment of the present invention. 

Figure 3 is a flow chart showing a laser beam recording power 
determination routine for determining the level of a recording power 
of a pulse train pattern for modulating the power of a laser beam. 
15 Figure 4 is a schematic plan view showing three tracks adjacent 

with each other in a power calibration area of an optical recording 
medium in which a test signal is recorded. 

Figure 5 is a flow chart showing a critical signal amplitude 
reduction ratio determination routine for the ratio Rc of reduction in the 
20 amplitude of a critical signal. 

Figure 6 is a table showing a first signal amplitude reduction ratio 
Rl, a second signal amplitude reduction ratio R2 and a jitter degradation 
level R3. 

Figure 7 is a graph showing a relationship between a second signal 
25 amplitude reduction ratio R2 and a jitter degradation level R3. 

Figure 8 is a graph showing a relationship between a first signal 
amplitude reduction ratio Rl and a second signal amplitude reduction 
ratio R2. 
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Figure 9 is a flow chart showing a direct overwriting number 
determination routine for determining x used in a critical signal 
amplitude reduction ratio determination routine by which an influence of 
cross erasing of data on a test signal recorded on a second track becomes 
5 saturated by directly overwriting the test signal recorded on a first track 
and the test signal recorded on a third track with the test signal. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment of the present invention will now be 
10 described with reference to accompanying drawings. 

Figure 1 is a schematic perspective view showing the structure of 
an optical recording medium 10 that is a preferred embodiment of the 
present invention. 

As shown in Figure 1, the optical recording medium 10 according 
15 to this embodiment is constituted as a data rewritable type optical 
recording medium and includes a substrate 11, a reflective layer 12 
formed on the surface of the substrate 11, a second dielectric layer 13 
formed on the surface of the reflective layer 12, a recording layer 14 
formed on the surface of the second dielectric layer 13, a first dielectric 
20 layer 15 formed on the surface of the recording layer 14 and a light 
transmission layer 16 formed on the surface of the first dielectric layer 15. 

As Figure 1, a center hole 17 is formed at the center portion of the 
optical recording medium 10. 

As Figure 1, in this embodiment, data are recorded in the optical 
25 recording medium 10 and data are reproduced from the optical recording 
medium 10 by projecting a laser beam onto the surface of the light 
transmission layer 16. 

The substrate 11 serves as a support for ensuring mechanical 
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strength required for the optical recording medium 10. 

The material used to form the substrate 11 is not particularly 
limited insofar as the substrate 11 can serve as the support of the optical 
recording medium 10. The substrate 11 can be formed of glass, ceramic* 
5 resin or the like. Among these> resin is preferably used for forming the 
substrate 11 since resin can be easily shaped. Illustrative examples of 
resins suitable for forming the substrate 11 include polycarbonate resin, 
acrylic resin, epoxy resin, polystyrene resin, polyethylene resin, 
polypropylene resin, silicone resin, fluoropolymers, acrylonitrile 
10 butadiene styrene resin, urethane resin and the like. Among these, 
polycarbonate resin is most preferably used for forming the support 
substrate 11 from the viewpoint of easy processing, optical characteristics 
and the like. 

In this embodiment, the substrate 11 has a thickness of about 1.1 

15 mm. 

The shape of the substrate 11 is not particularly limited but the 
substrate 11 is normally formed to be disc-like, card*like or sheet-like. 

As shown in Figure 1, grooves 11a and lands lib are alternately 
formed on the surface of the substrate 11* The grooves 11a and/or lands 
20 lib serve as a guide track for the laser beam when data are to be recorded 
or when data are to be reproduced. 

The reflective layer 12 serves to reflect the laser beam entering 
through the light transmission layer 16 so as to emit it from the light 
transmission layer 16. 
25 The thickness of the reflective layer 12 is not particularly limited 

but it is preferable to form the reflective layer 12 so as to have a thickness 
of 10 nm to 300 nra and particularly preferable to form it so as to have a 
thickness of 20 nm to 200 nm. 
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The material usable for forming the reflective layer 12 is not 
particularly limited insofar as it can reflect a laser beam, and the 
reflective layer 12 can be formed of Mg, Al, Ti, Cr, Fe, Co, Ni, Cu, Zn, Ge, 
Ag, Pt, Au and the like. Among these materials, it is preferable to form 
5 the reflective layer 12 of a metal material having a high reflectivity, such 
as Al, Au, Ag, Cu or alloy containing at least one of these metals, such as 
alloy of ^ and Ti* 

The reflective layer 12 also serves to increase the difference in 
reflectivity between a recorded region and an unrecorded region by a 

10 multiple interference eflect, thereby obtaining a higher reproduced signal 
(C/N ratio) firom data recorded in the recording layer 14. 

The first dielectric layer 15 and the second dielectric layer 13 serve 
to protect the recording layer 14. Degradation of recorded data can be 
prevented over a long period by the first dielectric layer 15 and the second 

15 dielectric layer 13. Further, the second dielectric layer 13 can serve to 
prevent the substrate 11 and the like from being thermaUy deformed and 
it is therefore to effectively prevent jitter from becoming worse due to the 
deformation of the substrate 11 and the like. 

The material used for forming the first dielectric layer 15 and the 

20 second dielectric layer 13 is not particularly limited insofar as it is a 
transparent dielectric material and the first dielectric layer 15 and the 
second dielectric layer 13 can be formed of a dielectric material containing 
oxide, sulfide, nitride or a combination thereof, for example, as a primary 
component. In order to prevent the support substrate 11 from being 

25 deformed by heat and to protect the first recording layer 31 and the 
second recording layer 32, it is preferable for each of the first dielectric 
layer 15 and the second dielectric layer 13 to contain at least one kind of 
dielectric material selected from a group consisting of AI2O3, AIN, ZnO, 
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ZnS. GeN, GeCrN, CeO, CeO^, SiO, SiOg, SiN and SiC as a primary 
component and it is particularly preferable for it to contain ZnS* SiOj as 
a primary component. 

The first dielectric layer 15 and the second dielectric layer 13 may 
5 be formed of the same dielectric material or of different dielectric 
materials. Moreover^ at least one of the first dielectric layer 15 and the 
second dielectric layer 13 may have a multi-layered structure including a 
plurality of dielectric films* 

In this specification, the statement that a dielectric layer contains 

10 a dielectric material as a primary component means that the content of 
the dielectric material is largest among dielectric materials contained in 
the dielectric layer and ZnS* SiO^ means a mixture of ZnS and Si02. 

The thickness of the first dielectric layer 15 and the second 
dielectric layer 13 is not particularly limited but is preferably fi-om 3 nm 

16 to 200 nm. If the first dielectric layer 15 or the second dielectric layer 13 is 
thinner than 3 nm, it is difficult to obtain the above-described advantages. 
On the other hand, if the first dielectric layer 15 or the seco^nd dielectric 
layer 13 is thicker than 200 nm, it takes a long time to form the fixst 
dielectric layers 15 and the second dielectric layers 13, thereby lowering 

20 the productivity of the optical recording medium 10, and cracks may be 
generated in the first dielectric layers 15 or the second dielectric layers 13 
owing to stress present in the first dielectric layers 16 or the second 
dielectric layer 13. 

The recording layer 14 is a layer in which data are to be recorded. 

25 In this embodiment, the recording layer 14 is formed of a phase change 
material and data are recorded in the recording layer 14 and data are 
reproduced from the recording layer 14 by utilizing the difference in 
reflectivity between the recording layer 14 in a crystalline state and the 
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recording layer 14 in an amorphous state. 

The material for forming the recording layer 14 is not particularly 
limited but in order to directly overwrite data at a high velocity, it is 
preferable for the material for forming the recording layer 14 to be 
5 changed from an amorphous state to a crystalline state in a short time, in 
other words, to have a short crystallization time and illustrative examples 
of such materials includes an SbTb system material* 

The SbTe system material may be a SbTe alone or may be added 
with additives in order to improve long term storage reliability. 

10 Concretely, it is preferable to form the recording layer 14 of a SbTfe 

system material represented by a general formula- (Sb^Te^.^ )^ My where 
M is an element other than Sb and Te, x is equal to or larger than 0.55 
and equal to or smaller than 0.9 and y is equal to or larger than 0 and 
equal to or smaller than 0;25 and it is more preferable to form the 

15 recording layer 14 of the Sblte system material represented by the above 
general formula where x is equal to or larger than 0.65 and equal to or 
smaller than 0.85 and y is equal to or larger than 0 and equal to or 
smaller than 0.25. 

The element M is not particularly limited but in order to shorten 

20 the crystallization time and improve long term storage reliability, it is 
preferable for the element M to be at least one element selected from the 
group consisting of In, Ag, Au, Bi, Se, Al, P, Ge, H, Si, C, V, W, Ta, Zn, Mn, 
Ti, Sn, Pb, Pd, N, O and rare earth elements (Sc, Y and lanthanoid) as a 
primary component. Particularly in order to improve long term storage 

25 reliability, it is preferable for the element M to be at least one element 
selected &om the group consisting of Ag, In, Ge and rare earth elements. 

It is preferable to form the recording layer 14 so as to have a 
thickness of 5 nm to 30 nm and is particularly preferable to form the 
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recording layer 14 so as to have a thickness of 5 nm to 20 nm* 

The light transmission layer 16 is a layer through which the laser 
beam is transmitted and the surface thereof forms a light incidence plane 
of the laser beam. 

5 It is preferable for the light transmission layer 16 to have a 

thickness of 10 iim to 300 pm and more preferable for the light 
transmission layer 16 to have a thickness of 50 jim to 150 ]im. 

The material for forming the light transmission layer 16 is not 
particularly limited. In the case where the light transmission layer 16 is 
10 formed using a spin coating method or the like, it is preferable to form the 
light transmission layer 16 of ultraviolet ray curable resin, electron beam 
curable resin or the like and it is more preferable to form the light 
transmission layer 16 of ultraviolet ray curable resin. 

The light transmission layer 16 may be formed by adhering a sheet 
15 formed of light transmittable resin onto the surface of the first dielectric 
layer 15 using an adhesive agent. 

The optical recording medium 10 having the above described 
configuration can be manufactured as follows, for example. 

First, the reflective layer 12 is formed on the surface of the 
20 substrate 11 formed with the grooves 11a and the lands lib. 

The reflective layer 12 can be formed by a gas phase growth 
process using chemical species containing elements for forming the 
reflective layer 12, for example. Illustrative examples of the gas phase 
growth processes include vacuum deposition process, sputtering process 
25 and the like. 

Then, the second dielectric layer 13 is formed on the surface of the 
reflective layer 12. 

The second dielectric layer 13 can be formed by a gas phase growth 
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process using chemical species containing elements for forming, the 
second dielectric layer 13, for example. Illustrative examples of the gas 
phase growth processes include vacuum deposition process, sputtering 
process and the like. 
5 Further, the recording layer 14 is formed on the surface of the 

second dielectric layer 13. Similarly to the second dielectric layer 13, the 
recording layer 14 can be formed by a gas phase growth process using 
chemical species containing elements ibr forming the recording layer 14. 
Then, the first dielectric layer 15 is formed on the surface of the 

10 recording layer 14. The first dielectric layer 15 can be formed by a gas 
phase growth process using chemical species containing elements for 
forming the first dielectric layer 15. 

Finally, the light transmission layer 16 is formed on the surface of 
the first dielectric layer 15. The light transmission layer 16 can be formed, 

15 for example, by applying acryl system ultraviolet ray curable resin or 
epoxy system ultraviolet ray curable resin whose viscosity is adjusted 
onto the surface of the first dielectric layer 15 using a spin coating process 
or the like to form a coating layer and projecting an ultraviolet ray onto 
the coating layer to harden it. 

20 Thus, the optical recording medium 10 has been fabricated. 

In this embodiment, prior to shipping the thus fabricated optical 
recording medium 10» ID data for identifying the optical recording 
medium 10 is recorded by the optical recording medium manufacturer in 
the optical recording medium 10 together with a critical signal amplitude 

25 reduction ratio Rc used for determining the recording power Pw of the 
laser beam described later in the form of wobbles or pre-pits. 

When data are to be recorded in the optical recording medium 10 
having the above described configuration, the optical recording medium 
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10 is set by the user in the data recording apparatus. 

Fi^re 2 is a block diagram of a data recording apparatus that is a 
preferred embodiment of the present invention. 

As shown in Figure 2, the data recording apparatus 50 includes a 
5 spindle motor 52 for rotating the optical recording medium 10, a head 53 
for emitting a laser beam toward the optical recording medivim 10 and 
receiving a laser beam reflected &om the optical recording medium 10, a 
controller 54 for controlling the spindle motor 52 and the head 53, a laser 
driving circuit 55 for feeding a laser driving signal to the head 53, and a 
10 lens driving circuit 56 for feeding a lens driving signal to the head 53. 

As shown in Figure 2, the controller 54 includes a focus servo 
circuit 57, a tracking servo circuit 58 and a laser control circuit 59. 

When the focus servo circuit 57 is activated, the laser beam is 
automatically focused onto the recording layer 14 of the optical recording 
15 medium 10 and when the tracking servo circuit 58 is activated, the spot of 
the laser beam automatically follows the track of the optical recording 
medium 10. 

Each of the focus servo circuit 57 and the tracking servo circuit 68 
has an auto-gain control function for automatically adjusting the focus 
20 gain and an auto-gain control function for automatically adjusting the 
tracking gain. 

Further, the laser control circuit 59 is adapted to generate a laser 
driving signal to be supplied by the laser driving circuit 55* 

When the optical recording medium 10 is set in the data recording 
25 apparatus, the controller 54 reads ID data and a critical signal amplitude 
reduction ratio Rc used for determining the recording power iV of the 
laser beam described later which are recorded in the optical recording 
medium 10. 
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In this embodiment, a linear recording velocity for data and data 
for setting data recording conditions including a pulse train pattern for 
modulating the power of the laser are determined in advance in 
accordance with an optical recording medium 10 and are stored in a 
5 memory (not shown) of the data recording apparatus so as to correspond 
to the ID data recorded in the optical recording medium 10. Therefore, the 
controller 54 reads the linear recording velocily for data and the pulse 
train pattern for modulating the power of the laser from the memory 
based on the thus read ID data of the optical recording medium 10 and 

10 first determines the level of a recording power Pw of the pulse train 
pattern for modulating the power of the laser from. 

Figure 3 is a flow chart showing a laser beam recording power 
determination routine for determining the level of a recording power Pw 
of a pulse train pattern for modulating the power of a laser beam. 

15 When the controller 54 has read the data for setting data recording 

conditions stored in the memory, the controller 54 sets the level of the 
recording power Pw to a predetermined level based on a table stored in 
the memory (not shown), thereby determining a recording power 
determination signal and outputs it together with a recording condition 

20 setting signal to the laser driving circuit 55. 

The laser driving circuit 55 controls the head 53 based on the thus 
input recording condition setting signal and recording power 
determination signal and records a test signal on three tracks adjacent 
with each other in a power calibration area of the optical recording 

25 medium 10 using the laser beam whose power is modulated in accordance 
with the pulse train pattern in which the level of the recording power Pw 
is set to a predetermined level (Step Si). The power calibration area is an 
area in which a test signal for determining the recording power /V of the 



29 



FROM mMUM 03-5289-7362 



2004$12fl22B(*)18:31/fi18:13/JtSlf621 4666799 P 34 



laser beam and the like are to be recorded and provided at an inner 
circumferential portion of an optical recording medium separately from 
an area where data are to be recorded. 

The test signal may be a single signal or a random signal. 
5 Figure 4 is a schematic plan view showing the three tracks 

adjacent with each other in the calibration area of the optical recording 
medium 10 in which the test signal was recorded at Step SI, 

In Figure 4, a first track is a track in which the test signal was 
first recorded, the second track is a track in which the test signal was 
10 secondly recorded and the third track is a track in which the test signal 
was last recorded. 

Therefore, when the test signal was written in the second track, 
cross erasing of data may have occurred in the first track and when the 
test signal was written in the third track, cross erasing of data may have 
15 occurred in the second track. To the contrary, since the test signal was 
last written in the third track, there is no risk of cross erasing of data 
occurring in the third track. 

The controller 54 then sets the power of the laser beam to a 
reproducing power Pr and outputs a first data reproduction signal to the 
20 laser driving circuit 55. 

When the laser driving circuit 55 receives the first data 
reproduction signal from the controller 54, the laser driving circuit 55 
projects the laser beam whose power is set to the reproducing power Pr 
onto the second track in the power calibration area of the optical 
25 recording medium 10, thereby reproducing the test signal recorded on the 
second track (Step S2). 

The controller 54 measures signal characteristics necessary for 
determining the recording power Pw of the laser beam such as asymmetry, 
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a 6 value and the like based on the thus obtained reproduced signal (Step 
S3). The thus measured signal characteristics of the reproduced signal 
have been influenced by cross-talk from the tracks on the opposite sides 
thereof. 

5 Then, the controller 54 judges whether or not the signal 

characteristics of the reproduced signal measured at Step S3 satisfy 
reference conditions (Step S4). 

As a result, when the controller 54 judges that the signal 
characteristics of the reproduced signal measured at Step S3 do not 
10 satisfy the reference conditions, since it can be considered that the level of 
the recording power Piv of the laser beam set for recording the test signal 
is inappropriate, the controller 54 outputs a laser beam power change 
signal to the laser driving circuit 55 to change the recording power iVof 
the laser beam and again records the test signal on the a first track, a 
15 second track and a third track (Step SS). In this case, as a first track, a 
second track and a third track, three tracks in which no signal is recorded 
and which are adjacent with each other are selected. 

To the contrary, when the controller 54 judges that the signal 
characteristics of the reproduced signal satisfy the reference conditions, 
20 the controller 54 sets the power of the laser beam to a reproducing power 
iVand a second data reproduction signal to the laser driving circuit 55. 

When the laser driving circuit 55 receives the second data 
reproduction signal from the controller 54, the laser driving circuit 55 
projects the laser beam whose power is set to the reproducing power Pr 
25 onto the second track and the third track in the power calibration area of 
the optical recording medium 10, thereby reproducing the test signal 
recorded on the second track and the third track (Step S6). 

Then, the controller 54 measures an amplitude of the thu3 
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obtained reproduced signal (Step S7). Here, the amplitude of the 
reproduced sigpnal corresponds to a difference in reflectivity between a 
region of the recording layer 14 in which a recording mark is formed and a 
blank region of the recording layer 14 in which no recording mark is 
6 formed and in the case where a random signal was recorded as the test 
signal, the difference in reflectivity between the longest recording mark 
and a neighboring blank region was measured as an amplitude of the 
reproduced signal. 

As described above, since the test signal recorded on the third 

10 track was not influenced by cross erasing of data while the test signal 
recorded on the second track may have been influenced by cross erasing of 
data» the amplitude D2 of the reproduced signal obtained from the second 
track becomes smaller than the amplitude D3 of the reproduced signal 
obtained from the third track* 

15 Then, the controller 54 calculates a first signal amplitude 

reduction ratio Rl based on the amplitude D2 of the reproduced signal 
obtained from the second track and the amplitude D3 of the reproduced 
signal obtained from the third track (Step S8). The first signal amplitude 
reduction ratio Rl is defined as CD3 - D2) / D3. 

20 Further, the controller 54 judges whether or not the thus 

calculated first signal amplitude reduction ratio Rl is equal to or smaller 
than a critical signal amplitude reduction ratio Rc determined in a 
method described later, recorded in the optical recording medium 10 and 
read from the optical recording medium 10 when the optical recording 

25 medium 10 is set in the data recording apparatus (Step 89). 

As a result, when the controller 54 judges that the first signal 
amplitude reduction ratio Rl is equal to or smaller than the critical signal 
amphtude reduction ratio Rc, since it can be considered that the test 
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signal has not been greatly influenced by cross erasing of data, the 
controller 54 determines the recording power Pw of the laser beam used 
for recording the test signal on the second track as an optimum recording 
power (Step Sll). 

6 To the contrary, when the controller 54 judges that the first signal 

amplitude reduction ratio Rl exceeds the critical signal amplitude 
reduction ratio Rc» since it can be considered that the test signal has been 
greatly influenced by cross erasing of data and it is necessary to record 
data using the laser beam whose recording power Pw is set to a lower 

10 level, the controller 54 sets the recording power Pwoi the laser beam to a 
lower level and outputs a laser beam power change signal to the laser 
driving circuit 55 so as to record the test signal on the a first track, a 
second track and a third track using the laser beam whose recording 
power Pw\^ set to a lower level (Step SlO). In this case, as a first track, a 

15 second track and a third track, three tracks in which no signal is recorded 
and which are adjacent with each other are selected. 

The above described steps are repeated until the first signal 
amplitude reduction ratio Rl becomes equal to or smaller than the critical 
signal amplitude reduction ratio Rc and when the first signal amplitude 

20 reduction ratio Rl has become equal to or smaller than the critical signal 
amplitude reduction ratio Rc, the recording power Pw of the laser beam 
used for recording the test signal on the second track is determined as an 
optimum recording power of the laser beam (Step Sll). 

In this embodiment, prior to shipping the optical recording 

25 medium 10, the critical signal amplitude reduction ratio Rc is determined 
by the optical recording medium manufacturer at Step S9 in the following 
manner and is recorded together with the data for setting recording 
conditions in the optical recording medium 10 in the form of wobbles or 

33 



FROM ^5«SflM 03-5289-7362 



200441 2^228 (*) 18:35/111 8: 13/XSI562I 4666799 P 38 



pre'pits. 

Figure 5 is a flow chart showing a critical signal amplitude 
reduction ratio determination routine for the critical signal amplitude 
reduction ratio Rc. 
5 A variable iis first set to zero (Step S2l). 

Then, a pulse train pattern used for modulating the power of the 
laser beam and a linear recording velodly used when data are to be 
recorded in the optical recording medium 10 are determined and the 
recording power Pw of the laser beam is set to the minimum level 
10 Pwdnin) determined in advance (Step 822). The laser beam is then 
projected onto a first track, a second track and a third track adjacent with 
each other in the power calibration area of the optical recording medium 
10, thereby recording a test signal thereon (Step 823). 

Here> similarly to in Figure 4, a first track is a track in which the 
16 test signal was first recorded, the second track is a track in which the test 
signal was secondly recorded and the third track is a track in which the 
test signal was last recorded. 

The test signal may be a single signal or a random signal. 
Then, the test signal recorded on the second track and the test 
20 signal recorded on the third track are reproduced (Step S24) and jitter 
and an amplitude of each of the thus reproduced signals are measured 
(Step S25). 

While the jitter JO and the amplitude AO of the reproduced signal 
obtained by reproducing the test signal recorded on the third track are 
25 not influenced by cross erasing of data, the jitter Jl and the ampHtude Al 
of the reproduced signal obtained by reproducing the test signal recorded 
on the second track have been once influenced by cross erasing of data 
from the third track. Therefore, the jitter Jl of the reproduced signal 
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obtained by reproducing the test signal recorded on the second track is 
normally higher than the jitter JO of the reproduced signal obtained by 
reproducing the test signal recorded on the third track and the ampHtude 
Al of the reproduced signal obtained by reproducing the test signal 
5 recorded on the second track is normally smaller than the amplitude AO of 
the reproduced signal obtained by reproducing the test signal recorded on 
the third track. 

Then, the variable i is incremented by one, namely, i is set to (i 
+ l) (Step S26) and the test signal recorded on the first track and the test 

10 signal recorded on the third track are directly overwritten with the test 
signals under the same recording conditions as those used for recording 
the test signals at Step 23 OStep S27). 

As a result, the test signal recorded on the second track is once 
influenced by cross erasing of data ttova the first track and has been twice 

16 influenced by cross erasing of data firom the third track and therefore, in 
the case where the test signal recorded on the second track is reproduced, 
the jitter J2 of the thus obtained reproduced signal is much higher than 
the jitter Jl and the amplitude A2 of the reproduced signal is much 
smaller than the amplitude Al. 

20 Step S26 and Step S27 are repeated until the variable i becomes x, 

in other words, until the test signal recorded on the first track and the 
test signal recorded on the third track have been directly overwritten x 
times. 

Here, x is the number of times of the direct overwriting required 
25 for saturating the influence of cross erasing of data on the test signal 
recorded on the second track by directly overwriting the test signal 
recorded on the first track and the test signal recorded on the third track 
and is to be determined as described below. 
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When the variable / has become equal to x and the test signal 
recorded on the first track and the test signal recorded on the third track 
have been directly overwritten x timee^ the test signal recorded on the 
second track is reproduced (Step S29) and jitter J(i'+ l) and an amplitude 
5 A(jr+ l) of the thus reproduced signal are measured (Step S30). 

The thus measured jitter J(jr + l) and amplitude A(jr + l) of the 
reproduced signal have been influenced by cross erasing of data x times 
from the first track and influenced by cross erasing of data (jr + l) times 
from the third track, 

10 Therefore, the jitter JCr + l) of the reproduced signal obtained by 

reproducing the test signal recorded on the second track is normally much 
higher than the jitter Jl and the amplitude A(x 1) of the reproduced 
signal obtained by reproducing the test signal recorded on the second 
track is normally much smaller than the amplitude Al. Here, since the 

16 test signal recorded on the first track and the test data recorded on the 
third track have been directly overwritten nine times, the influences by 
cross erasing of data on the jitter J(x+ l) and the amplitude A(x+ l) have 
been saturated. 

Further, the level of the recording power Pw of the laser beam is 
20 set to CPikH- o) (Step S3l). Then, Step S21 to Step S31 are repeated and 
jitters JO, Jl and JCjt + l) and amplitudes AO, Al and Aix + l) of the 
reproduced signals obtained by reproducing the test signals recorded on 
the second track using each of the recording powers -P^vare measured. 

Thus, when it is judged that the level of the recording power Pwoi 
25 the laser beam exceeds the maximum level PwOnax) determined in 
advance (Step S32), the measurement of the jitters JO, Jl and J(jr-K l) and 
the amplitudes AO, Al and A(x+ l) of the reproduced signals obtained by 
reproducing the test signals recorded on the second track using each of 
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the recording powers PH^of the laser beam is completed. 

Then, based on the thus measured jitters JO, Jl and J(x+ l) and 
amplitudes AO, Al and A(jr+ 1) of the reproduced signals corresponding to 
the respective recording powers Pw of the laser beam, a first signal 
5 amplitude reduction ratio Rl, a second signal amplitude reduction ratio 
R2 and a jitter degradation level R3 corresponding to each of the 
recording powers Pw of the laser beam are calculated and a table T shown 
in shown in Figure 6 is produced (Step S33). 

Here, the first signal amplitude reduction ratio Rl is defined as 
10 (AO — Al) / AO, the amplitude AO corresponds to an amplitude D3 of a 
reproduced signal obtained by reproducing the test signal recorded on the 
third track at Step S7 of the laser beam recording power determination 
routine shown in Figure 3 and the amplitude Al corresponds to an 
amplitude D3 of a reproduced signal obtained by reproducing the test 
16 signal recorded on the third track at Step 87 of the laser beam recording 
power determination routine shown in Figure 3» 

Further, the second signal amplitude reduction ratio R2 is defined 
as {Al - A(x-i- 1)} / Al and the jitter degradation level R3 is defined as {J(;r 
+ 1)-J1}. 

20 When the table T has been produced in this manner, based on the 

thus produced table T, a first graph showing the relationship between the 
second signal amplitude reduction ratio R2 and the jitter degradation 
level R3 is produced by plotting values of the second signal amplitude 
reduction ratio R2 and the jitter degradation level R3 (Step S34). 

25 Figure 7 is a first graph showing the relationship between the 

second signal amplitude reduction ratio R2 and the jitter degradation 
level R3. As shown in Figure 7, the relationship between the second signal 
amplitude reduction ratio R2 and the jitter degradation level R3 can be 
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normally approximated by a linear function. 

Similarly, based on the thus produced table % a second graph 
showing the relationship between the signal amplitude reduction ratio Rl 
and the signal amplitude reduction ratio R2 is produced by plotting 
5 values of the signal amplitude reduction ratio Rl and the signal 
ampHtude reduction ratio R2 (Step S35). 

Figure 8 is a second graph showing the relationship between the 
signal amplitude reduction ratio Rl and the signal amplitude reduction 
ratio R2. As shown in Figure 8, the relationship between the signal 
10 amplitude reduction ratio Rl and the signal amplitude reduction ratio R2 
can be normally approximated by a quadratic function. 

When the first graph showing the relationship between the second 
signal amplitude reduction ratio R2 and the jitter degradation level R3 
and the second graph showing the relationship between the signal 
15 amplitude reduction ratio Rl and the signal amplitude reduction ratio R2 
have been produced in this manner, a value b of the second signal 
amplitude reduction ratio R2 corresponding to a value a of the allowable 
maximum jitter degradation level R3 is obtained based on the first graph 
shown in Figure 7 and a value c of the signal amplitude reduction ratio Rl 
ZO corresponding to the value b of the second signal amplitude reduction 
ratio R2 is obtained based on the second graph shown in Figure 8, thereby 
determining the value c of the signal amplitude reduction ratio Rl as a 
critical signal amplitude reduction ratio Rc, 

Since the jitter degradation level R3 is defined as the difference 
25 between the jitter JCr + l) of the reproduced signal obtained by 
reproducing the test signal recorded on the second track after directly 
overwriting the test signal recorded on the first track and the test signal 
recorded on the third track with the test signal times and the jitter Jl of 
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the reproduced signal obtained by reproducing the test signal recorded on 
the second track after recording the test signal on the first track and 
recording the test signal on the third track, and it can be considered that 
when the test signal recorded on the first track and the test signal 
5 recorded on the third track have been directly overwritten with the test 
signal X times, the influence of cross erasing of data on the test signal 
recorded on the second track has been saturated, the thus determined 
critical signal amplitude reduction ratio Rc corresponds to a critical jitter 
degradation level R3 at which the degradation of jitter can be permitted 

10 even when the test signal has been repeatedly influenced by cross erasing 
of data until the influence of cross erasing of data has been saturated. 
Therefore, it is possible to determine an optimum power of the recording 
power Pw of the laser beam with which the increase in jitter of a 
reproduced signal can be controUed within tolerance by judging whether 

15 or not the first signal amplitude reduction ratio Rl is equal to or smaller 
than a critical signal amplitude reduction ratio Rc at Step S9 of the laser 
beam recording power determination routine shown in Figure 3. 

When the optimum power of the recording power Pw of the laser 
beam has been determined in this manner, as shown in Figure 1, the laser 

20 beam whose power is modulated in accordance with a pulse train pattern 
whose recording power iVis set to the optimum power is projected onto 
the optical recording medium 10 from the side of the light transmission 
layer 16, thereby recording data in the recording layer 14 of the optical 
recording medium 10, 

2l> In this embodiment, the pulse train pattern includes pulses whose 

levels are set to a recording power Pw and a bottom power Pb, 

When a recording mark is to be formed in the recording layer 14, a 
laser beam whose power is set to the Pht is projected onto a region of the 
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recording layer 14 where the recording mark is to be formed. 

As a result, a phase change material contained in the region of the 
recording layer 14 irradiated with the laser beam is heated to a 
temperature equal to or higher than the melting point thereof 
5 Then, the laser beam whose power is set to the bottom power Pb 

lower than the Pw is projected onto the region of the recording layer 14 
where the recording mark is to be formed. 

As a result, the phase change material heated to the temperature 
equal to or higher than the melting point thereof and melted is quickly 
10 cooled and the phase thereof is changed to an amorphous phase, thereby 
forming the recording mark in the recording layer. 

Tb the contrary, when a recording mark formed in the recording 
layer 14 is to be erased, the laser beam whose power is set to an erasing 
power Pe is projected onto a region of the recording layer 14 where the 
15 recording mark is formed. Here, Pe is higher than Pb and lower than iV. 

As a result, a phase change material contained in the region of the 
recording layer 14 irradiated with the laser beam is heated to a 
temperature equal to or higher than the crystallization temperature 
thereof* 

20 Then, the laser beam is moved away and the region of the 

recording layer 14 heated to the temperature equal to or higher than the 
crystallization temperature of the phase change material is gradually 
cooled. As a result, the region of the recording layer 14 in an amorphous 
state is crystallized, whereby the recording mark formed in the recording 

26 layer 14 is erased. 

Therefore, it is possible to form a recording mark in the recording 
layer 14 and erase a recording mark formed in the recording layer 14 by 
modulating the power of the laser beam and it is further possible to form 
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a different recording mark at the region of the recording layer 14 where a 
recording mark is formed and directly overwrite data recorded in the 
recording layer 14 with different data by modulating the power of the 
laser beam between the recording power iV, the bottom power Pb and the 
5 erasing power Pe. 

Thus, data are recorded in the recording layer 14 of the optical 
recording medium 10 by utilizing the difference in reflectivity between 
the case where the region of the recording layer 14 is in an amorphous 
phase and the case where the region of the recording layer 14 is in a 

10 crystalline phase. 

Figure 9 is a flow chart showing a direct overwriting number 
determination routine for determining ^ used in the critical signal 
amplitude reduction ratio determination routine by which an influence of 
cross erasing of data on the test signal recorded on the second track 

15 becomes saturated by directly overwriting the test signal recorded on the 
first track and the test signal recorded on the third track with the test 
signal. 

In this embodiment, since the critical signal amplitude reduction 
ratio determination routine is performed by the optical recording medium 
20 manufacturer prior to shipping the optical recording medium 10, the 
direct overwriting number determination routine is also performed by the 
optical recording medium manufacturer. 

When the number of times jr of the direct overwriting required for 
saturating the influence of cross erasing of data on the test signal 
25 recorded on the second track by directly overwriting the test data 
recorded on the first track and the test data recorded on the third track is 
to be determined, a variable iris first set to 0 (Step S41). 

Then, a pulse train pattern used for modulating the power of the 
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laser beam and the linear recording velocity used when data are to be 
recorded in the optical recording medium 10 are determined, the 
recording power /V of the laser beam is set to the minimum level 
Pw(min) determined in advance (Step S42) and the laser beam is 
5 projected onto a first track, a second track and a third track formed on the 
optical recording medium 10 to be adjacent with each other, thereby 
recording a test signal thereon (Step S43). 

The minimum level iV6nih^of the recording power iVof the laser 
beam used in the direct overwriting number determination routine may 

10 be the same level as that of the minimum level Pw(min) of the recording 
power Pw of the laser beam used in the critical signal amplitude 
reduction ratio determination routine but since it is unnecessary in the 
direct overwriting number determination routine to greatly change the 
level of the recording power of the laser beam to record a test signal, 

15 reproduce the test signal and measure jitter of the thus reproduced signal 
unlike in the case of determining the critical signal amplitude reduction 
ratio Rc, it is preferable to set the minimum level Pw(min) of the 
recording power Pw of the laser beam used in the direct overwriting 
number determination routine to a higher level that that the minimum 

20 level PwOnin) of the recording power Pw of the laser beam used in the 
critical signal amplitude reduction ratio determination routine. However, 
it is necessary to set the minimum level Pw6nin) of the recording power 
Pw of the laser beam used in the direct overwriting number 
determination routine to a higher level that that of the recording power 

25 Pw of the laser beam used for recording data. 

Here, similarly to in Figure 4, the first track is a track in which the 
test signal was first recorded, the second track is a track in which the test 
signal was secondly recorded and the third track is a track in which the 
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test signal was last recorded. 

The test signal may be a single signal or a random signal. 

Then^ the test signal recorded on the second track and the test 
signal recorded on the third track are reproduced (Step S44) and jitter of 
5 each of the thus reproduced signals are measured (Step 845). 

While the jitter JJO of the reproduced signal obtained by 
reproducing the test signal recorded on the third track are not influenced 
by cross erasing of data, the jitter JJl of the reproduced signal obtained 
by reproducing the test signal recorded on the second track have been 
10 once influenced by cross erasing of data from the third track* Therefore, 
the jitter JJl of the reproduced signal obtained by reproducing the test 
signal recorded on the second track is normally higher than the jitter JJO 
of the reproduced signal obtained by reproducing the test signal recorded 
on the third track. 

15 Then, the variable iis set to (i + l) (Step S46) and the test signal 

recorded on the first track and the test signal recorded on the third track 
are directly overwritten with the test signals under the same recording 
conditions as those used for recording the test signals at Step 43 (Step 
S47). 

20 Further, the test signal recorded on the second track is reproduced 

(Step S48) and jitter JJ2 of the thus reproduced signal is measured (Step 
S49). 

Since the test signal recorded on the second track has been once 
influenced by cross erasing of data from the side of the flrst track and 
25 influenced by cross erasing of data from the side of the third track by 
directly overwriting the test signal recorded on the first track and the test 
data recorded on the third track, jitter JJ2 of a reproduced signal 
obtained by reproducing the test signal recorded on the second track is 
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much higher than the jitter JJl. 

Step S46 to Step S49 are repeated until the variable k becomes a 
predetermined value in other words, until the test signal recorded on 
the first track and the test signal recorded on the third track have been 
5 directly overwritten times. Then, the test signal recorded on the second 
track is reproduced and jitter JJm of the thus obtained reproduced signal 
is measured. Here, m is larger than 2 and smaller than y. 

Here, the predetermined value y is set so that the influence by 
cross erasing of data on the test signal recorded on the second track has 

10 been reliably saturated by directly overwriting the test signal recorded on 
the first track and the test data recorded on the third track when the test 
signal recorded on the first track and the test data recorded on the third 
track have been directly overwritten >^ times using the laser beam whose 
power is modulated to an optimum recording power Pw and it has been 

16 found that when the test signal recorded on the first track and the test 
data recorded on the third track have been directly overwritten ten times 
using the laser beam whose power is modulated to an optimum recording 
power PWy the influence by cross erasing of data on the test signal 
recorded on the second track by directly overwriting the test signal 

20 recorded on the first track and the test data recorded on the third track 
has been normally saturated. Therefore, it is preferable to set the 
predetermined value y to be larger than 10 and equal to or smaller than 
20. 

As a result, when the variable ^has become a predetermined value 
25 y the test signal recorded on the first track and the test data recorded on 
the third track have been directly overwritten jr times and jitter JJ(jr+ l) 
of a reproduced signal obtained by reproducing the test signal recorded on 
the second track has been measured, the level of the recording power Pw 
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of the laser beam is further set to (Pw^ B) (Step S51). Then, Steps S41 to 

51 are repeated and jitter JJO, JJl, JJ2, , JJm, and JJiy + l) of 

reproduced, signals obtained by reproducing the test signal recorded on 
the second track are measured. 
6 Here, B may be set to be the same as a used in the direct 

overwriting number determination routine but since it is unnecessary in 
the direct overwriting number determination routine to vary the level of 
the recording power of the laser beam little by little, record the test signal, 
reproduce the test signal and measure jitter of the reproduced signal 

10 unlike in the case of determining the critical signal amplitude reduction 
ratio Rc, it is preferable to set B used in the direct overwriting number 
determination routine to be larger than a used in the direct overwriting 
number determination routine. 

Thus, when it is judged that the level of the recording power Fw of 

15 the laser beam exceeds the maximum level JPwOnax) determined in 

advance (Step 852), the measurement of the jitter JJO, JJl, JJ2 , JJm, 

and JJCk+ l) of reproduced signals obtained by reproducing the test 

signals recorded on the second track for each levels of the recording power 
of the laser beam is completed. 

20 Here, the maximum level Pw(max) used in the direct overwriting 

number determination routine may be set to the same level as that of the 
maximum level Pw(max) used in the critical signal amplitude reduction 
ratio determination routine but since it is unnecessary in the direct 
overwriting number determination routine to greatly change the level of 

26 the recording power of the laser beam to record a test signal, reproduce 
the test signal and measure jitter of the thus reproduced signal unlike in 
the case of determining the critical signal amplitude reduction ratio Rc, it 
is preferable to set the minimum level Pw(inax)oi the recording power Pw 
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of the laser beam used in the direct overwriting number determination 
routine to a lower level that that the minimum level PwCmax) of the 
recording power Pw of the laser beam used in the critical signal 
amplitude reduction ratio determination routine » 
5 Then, a jitter degradation level R4(zi + l) defined as {JJU + l) - 

JJO} is calculated for each of the levels of the recording power Pw of the 
laser beam. Here, n is the number of the direct overwriting of the test 
signal recorded on the first track and the test signal recorded on the third 
track and n is equal to or larger than 0 and equal to or smaller than 

10 Further, the values of the jitter degradation levels R4(ii + l) are 

plotted with respect to the value n for each of the levels of the recording 
power Pw of the laser beam* As a result, it can be seen that in the case 
where the recording power iVof the laser beam equal to or higher than 
the recording power Pw sufficiently for enabling the influence of cross 

15 erasing of data on the test signal recorded on the second track to be 
saturated when the test signal recorded on the first track and the test 
signal recorded on the third track had been directly overwritten n times 
was selected, the jitter degradation levels R4(zi + l) no longer changed 
when the value of n became equal to or larger than a value nc. 

20 Here, it can be seen that the value ne at which the jitter 

degradation levels R4(zi + l) becomes constant becomes smaller as the 
recording power iVof the laser beam is higher and the value nc becomes 
larger as the recording power Pw of the laser beam is lower. 

Therefore, the value jocat which the jitter degradation levels R4(zz 

25 + l) becomes constant when the recording power Pw of the laser beam 
determined so that the influence of cross erasing of data on the test signal 
recorded on the second track can be saturated by directly overwriting the 
test data recorded on the first track and the test data recorded on the 
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third track is lowest, namely, the maximum value of nc is determined as 
the number of times jr of the direct overwriting to be performed so as to 
directly overwrite the test signal recorded on the first track and the test 
signal recorded on the third track, 
5 According to this embodiment, prior to shipping a optical recording 

medium 10, since a critical signal amplitude reduction ratio Rc is 
determined and recorded in the optical recording medium 10 by the 
optical recording medium manufacturer, it is possible to set the recording 
power PjTof a laser beam to an optimum power with a simple operation in 

10 a short time when data are to be recorded in the optical recording medium 
10 and it is therefore possible to reduce the burden of the user. 

Further, according to this embodiment, based on the first graph 
showing the relationship between the second signal amplitude reduction 
ratio R2 defined as {Al — ACx-i- l)} / Al and the jitter degradation level R3 

15 defined as {J(x 4- l) * Jl), a value b of the second signal amplitude 
reduction ratio R2 corresponding to a value a of the permissible maximum 
jitter degradation level R3 is obtained and based on the second graph 
showing the relationship between the first signal amplitude reduction 
ratio Rl is defined as (AO - Al) / AO and the second signal amplitude 

20 reduction ratio R2, a value c of the signal amplitude reduction ratio Rl 
corresponding to the value b of the second signal amplitude reduction 
ratio R2 is obtained, thereby determining the value c of the signal 
amplitude reduction ratio Rl as a critical signal amplitude reduction ratio 
Rc. Further, the jitter degradation level R3 is defined as the difference 

25 between the jitter JCsr + l) of the reproduced signal obtained by 
reproducing the test signal recorded on the second track after directly 
overwriting the test signal recorded on the first track and the test signal 
recorded on the third track with the test signal x times and the jitter Jl of 
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the reproduced signal obtained by reproducing the test signal recorded on 
the second track after recording the test signal on the second track and 
recording the test signal on the third track, and the number of times xof 
the direct overwriting is determined so that when the test signal recorded 
5 on the first track and the test signal recorded on the third track have been 
directly overwritten with the test signal x times, the influence of cross 
erasing of data on the test signal recorded on the second track has been 
saturated. Therefore, since the thus determined critical signal amplitude 
reduction ratio Rc corresponds to a critical jitter degradation level R3 at 

10 which the increase in the degradation of jitter can be permitted even 
when the test signal has been repeatedly influenced by cross erasing of 
data until the influence of cross erasing of data has been saturated^ it is 
possible to determine an optimum power of the recording power Pwoi the 
laser beam so as to control the increase in jitter of a reproduced signal can 

15 be controlled within tolerance by judging whether or not the first signal 
amplitude reduction ratio Rl is equal to or smaller than a critical signal 
amplitude reduction ratio Rc at Step S9 of the laser beam recording power 
determination routine shown in Figure 3. 

Furthermore, according to this embodiment, since the number of 

20 times nc of the direct overwriting is experimentally determined in the 
direct overwriting number determination routine so that in the case of 
directly overwriting the test signal recorded on the first track and the test 
signal recorded on the third track with test signal by nc times using the 
laser beam having a low recording power Pw, the influence of cross 

25 erasing of data on the test signal recorded on the second track can be 
saturated, thereby determining the number of times jrused in the critical 
signal amplitude reduction ratio determination routine, it is possible to 
accurately determine the critical signal amplitude reduction ratio Rc as a 
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value corresponding to the critical jitter degradation level R3 at which the 
increase in the degradation of jitter can be permitted even when the test 
signal has been repeatedly influenced by cross erasing of data until the 
influence of cross erasing of data has been saturated and it is therefore 
5 possible to determine an optimum power of the recording power Pw of the 
laser beam so as to control the increase in jitter of a reproduced signal can 
be controlled within tolerance by judging whether or not the first signal 
amplitude reduction ratio Rl is equal to or smaller than a critical signal 
amplitude reduction ratio Rc at Step S9 of the laser beam recording power 

10 determination routine shown in Figure 3. 

The present invention has thus been shown and described with 
reference to a specific embodiment and a working example. However, it 
should be noted that the present invention is in no way limited to the 
details of the described arrangements but changes and modifications may 

15 be made without departing from the scope of the appended claims. 

For example, in the above described preferred embodiment, 
although the critical signal amplitude reduction ratio determination 
routine and the direct overwriting number determination routine are 
performed by the optical recording medium manufacturer, thereby 

20 determining the critical signal amplitude reduction ratio Rc and 
recording the thus determined critical signal amplitude reduction ratio Rc 
in the optical recording medium 10, the critical signal amplitude 
reduction ratio Rc recorded in the optical recording medium 10 is read by 
the data recording apparatus when data are to be recorded in the optical 

25 recording medium 10 and the laser beam recording power determination 
routine is performed, it is sufficient for the critical signal amplitude 
reduction ratio determination routine and the direct overwriting number 
determination routine to be performed prior to performing the laser beam 
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recording power determination routine and it is not absolutely necessary 
for the optical recording medium manufacturer to perform the critical 
signal amplitude reduction ratio determination routine and the direct 
overwriting number determination routine. Therefore, the critical signal 
5 amplitude reduction ratio determination routine and the direct 
overwriting number determination routine may be performed by the data 
recording apparatus prior to performing the laser beam recording power 
determination routine* 

Furthermore, in the above described preferred embodiment, 

10 although the critical signal amplitude reduction ratio determination 
routine and the direct overwriting number determination routine are 
performed by the optical recording medium manufacturer, thereby 
determining the critical signal amplitude reduction ratio Rc and 
recording the thus determined critical signal amplitude reduction ratio Ec 

15 in the optical recording medium 10, the critical signal amplitude 
reduction ratio Rc recorded in the optical recording medium 10 is read by 
the data recording apparatus when data are to be recorded in the optical 
recording medium 10 and the laser beam recording power determination 
routine is performed, it is sufficient for the laser beam recording power 

20 determination routine to be performed after performing the critical signal 
amplitude reduction ratio determination routine and it is not absolutely 
necessary for the data recording apparatus to perform the laser beam 
recording power determination routine. Therefore, the laser beam 
recording power determination routine may be performed by the optical 

25 recording medium manufacturer after performing the critical signal 
amplitude reduction ratio determination routine and the direct 
overwriting number determination routine. In such a case, it is preferable 
to constitute so that an optimum power of the recording power Pivof the 
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laser beam is recorded in the optical recording medium 10 prior to 
shipping the optical recording medium 10 and the optimum power of the 
recording power Pw of the laser beam recorded in the optical recording 
medium 10 is read by the data recording apparatus, whereby the power of 

5 the laser beam is set to the optimum power and data are recorded in the 
optical recording medium 10. 

Moreover, in the above described preferred embodiment, although 
the ID data and the critical signal amplitude reduction ratio Rc are 
recorded in the optical recording medium 10 and when data are to be 

10 recorded in the optical recording medium 10, the data recording 
apparatus reads the ID data recorded in the optical recording medium 10, 
reads the linear data recording velocity and the pulse train pattern for 
modulating the power of the laser beam stored in the memory so as to be 
associated with the ID data of the optical recording medium 10 and reads 

15 the critical signal amplitude reduction ratio Rc recorded in the optical 
recording medium 10, thereby performing the laser beam recording power 
determination routine and determining an optimum power of the 
recording power Pw of the laser beam, it is possible to calculate the 
critical signal amplitude reduction ratio Rc in advance and store the 

20 critical signal amplitude reduction ratio Rc in the memory of the data 
recording apparatus 30 as to be associated with the ID data of the optical 
recording medium 10, and to constitute the data recording apparatus so 
as to read the ID data recorded in the optical recording medium 10, read 
the critical signal amplitude reduction ratio R in addition to the linear 

25 data recording velocity and the pulse train pattern for modulating the 
power of the laser beam and determine an optimum power of the 
recording power Pw^of the laser beam. In such a case, it is unnecessary to 
record the critical signal amplitude reduction ratio Rc in the optical 
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recording medium 10 and it is possible to effectively utilize the capacity of 
the optical recording medium 10. 

Further, in the above described preferred embodiment, although 
the ID data and the critical signal amplitude reduction ratio Rc are 
5 recorded in the optical recording medium 10 and when data are to be 
recorded in the optical recording medium 10, the data recording 
apparatus reads the ID data recorded in the optical recording medium 10, 
reads the linear data recording velocity and the pulse train pattern for 
modulating the power of the laser beam stored in the memory so as to be 

10 associated with the ID data of the optical recording medium 10 and reads 
the critical signal amplitude reduction ratio Rc recorded in the optical 
recording medium 10, thereby performing the laser beam recording power 
determination routine and determining an optimum power of the 
recording power Pvir of the laser beam, it is possible to calculate the 

15 critical signal amplitude reduction ratio Rc in advance, determine an 
optimum power of the recording power /V of the laser beam based on the 
thus calculated critical signal amplitude reduction ratio Rc and store the 
critical signal amplitude reduction ratio Rc in the memory of the data 
recording apparatus so as to be associated with the ID data of the optical 

20 recording medium 10, and to constitute the data recording apparatus so 
as to read the ID data recorded in the optical recording medium 10, read 
the optimum power of the recording power Fw of the laser beam in 
addition to the linear data recording velocity and the pulse train pattern 
for modulating the power of the laser beam and determines an optimum 

25 power of the recording power /V of the laser beam. In such a case, since it 
is unnecessary to record the critical signal amplitude reduction ratio Rc in 
the optical recording medium 10, it is possible to effectively utilize the 
capacity of the optical recording medium 10 and the data recording 
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apparatus can immediately record data in the optical recording medium 
10 without performing the laser beam recording power determination 
routine when data are to be recorded in the optical recording medium 10, 
Furthermore, in the above described preferred embodiment, 
5 although the ID data and the critical signal amplitude reduction ratio Rc 
are recorded in the optical recording medium 10 and when data are to be 
recorded in the optical recording medium 10, the data recording 
apparatus reads the ID data recorded in the optical recording medium 10, 
reads the linear data recording velocity and the pulse train pattern for 

10 modulating the power of the laser beam stored in the memory so as to be 
associated with the ID data of the optical recording medium 10 and reads 
the critical signal amplitude reduction ratio Rc recorded in the optical 
recording medium 10, thereby performing the laser beam recording power 
determination routine and determining an optimum power of the 

15 recording power /V of the laser beam, it is possible to store the table T 
shown in Figure 6 in the optical recording medium 10 instead of the 
critical signal amplitude reduction ratio Rc and constitute the data 
recording apparatus so as to read the table T recorded in the optical 
recording medium 10, perform the critical signal amplitude reduction 

20 ratio determination routine, thereby calculating the critical signal 
amplitude reduction ratio Rc, perform the laser beam recording power 
determination routine using the thus calculated critical signal amplitude 
reduction ratio Rc, thereby determining the optimum power of the 
recording power Pvir of the laser beam. In such a case, it is possible to 

25 constitute the data recording apparatus so as to store an program for 
performing the critical signal amplitude reduction ratio determination 
routine and perform the critical signal amplitude reduction ratio 
determination routine in accordance with the stored program or it is 
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possible to store an program for performing the critical signal amplitude 
reduction ratio determination routine in the optical recording medium 10 
and constitute the data recording apparatus so as to read the program 
stored in the optical recording medium 10 and perform the critical signal 
5 amplitude reduction ratio determination routine. 

Moreover, in the above described preferred embodiment, although 
the ID data and the critical signal amplitude reduction ratio Rc are 
recorded in the optical recording medium 10, when data are to be 
recorded in the optical recording medium 10, the data recording 

10 apparatus reads the ID data recorded in the optical recording medium 10, 
reads the linear data recording velocity and the pulse train pattern for 
modulating the power of the laser beam stored in the memory so as to be 
associated with the ID data of the optical recording medium 10 and reads 
the critical signal amplitude reduction ratio Rc recorded in the optical 

15 recording medium 10, thereby performing the laser beam recording power 
determination routine and determining an optimum power of the 
recording power iVof the laser beam, and a program for performing the 
laser beam recording power determination routine, it is not absolutely 
necessary for the data recording apparatus to store a program for 

20 performing the laser beam recording power determination routine and it 
is possible to store a program for performing the laser beam recording 
power determination routine in the optical recording medium 10 and 
constitute the data recording apparatus so as to read the program for 
performing the laser beam recording power determination routine and 

25 perform the laser beam recording power determination routine* 

Furthermore, in the above described preferred embodiment, 
although the laser beam recording power determination routine is 
performed by increasing the recording power Pw of the laser beam from 
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the minimum power iV(jBiW determined in advance by a, it is sufficient 
to perform the laser beam recording power determination routine by 
changing the recording power Pw o{ the laser beam between the 
maximum power FvuOnax) und the minimum power Pwdniu) of the laser 
5 beam determined in advance and how to change the recording power Pw 
of the laser beam is not particularly limited. 

Further, in the above described preferred embodiment, although 
the direct overwriting number determination routine is performed by 
increasing the recording power Pw of the laser beam from the minimum 
10 power Pw(min) determined in advance by 6, it is sufficient to perform the 
laser beam recording power determination routine by changing the 
recording power Pw of the laser beam between the maximum power 
Pwdnax) and. the minimum power Pw(min)oi the laser beam determined 
.in advance and how to change the recording power iVof the laser beam is 
15 not particxUarly limited. 

Moreover, in the above described preferred embodiment, although 
the test signal is recorded using the first signal amplitude reduction ratio 
Rl defined as (AO - Al) / AO and thereafter, the difference between the 
amplitude AO of the reproduced signal obtained by reproducing the test 
20 signal recorded on the third track and the amplitude Al of the reproduced 
signal obtained by reproducing the test signal recorded on the second 
track is evaluated, it is possible to record a test signal based on, instead of 
the first signal amplitude reduction ratio Rl, a first signal amplitude 
reduction parameter defined as a function of the difference between the 
25 amplitude AO of a reproduced signal obtained by reproducing a test signal 
recorded on a third track after recording the test signal on a first track, a 
second track and third track in this order and the amplitude Al of a 
reproduced signal obtained by reproducing the test signal recorded on the 
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second track, and thereafter evaluate the difference between the 
amplitude AO of the reproduced signal obtained by reproducing the test 
signal recorded on the third track and the amplitude Al of the reproduced 
signal obtained by reproducing the test signal recorded on the second 
s track. 

Further, in the above described preferred embodiment, although 
after recording the test signal using the second signal amplitude 
reduction ratio R2 defined as {Al - ACr+ 1)} / Al, the difference between 
the amplitude Al of the reproduced signal obtained by reproducing the 

10 test signal recorded on the second track and the amplitude ACar+ l) of the 
reproduced signal obtained by reproducing the test signal recorded on the 
second track after directly overwriting the test signal recorded on the first 
track and the test signal recorded on the third track jr times is evaluated, 
in stead of the second signal amplitude reduction ratio R2, it is possible to 

15 record a test signal on the first track, the second track and the third track 
in this order, record a test signal based on a second signal amplitude 
reduction parameter defined as a function of the difference between an 
amplitude Al of a reproduced signal obtained by reproducing the test 
signal recorded on the second track and an amplitude ACr + X) of a 

20 reproduced signal obtained by reproducing the test signal recorded on the 
second track after directly overwriting the test signal recorded on the first 
track and the test signal recorded on the third track with the test signal x 
times and evaluate a difference between the ampUtude Al of the 
reproduced signal obtained by reproducing the test signal recorded on the 

26 second track and the amplitude A(x+ l) of the reproduced signal obtained 
by reproducing the test signal recorded on the second track after directly 
overwriting the test signal recorded on the first track and the test signal 
recorded on the third track with the test signal x times. 
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Furthermore, in the above described preferred embodiment, 
although the jitter degradation level R3 is defined as {JOr + 1) - Jl>, it is 
sufficient for the jitter degradation level R3 to be defined as a function of 
the diSerence between jitter JCar + l) of a reproduced signal obtained by 
5 reproducing a test signal recorded on the second track after directly 
overwriting the test signal recorded on the first track and the test signal 
recorded on the third track with the test signal times and jitter Jl of a 
reproduced signal obtained by reproducing a test signal recorded on the 
second track after recording the test signal on the first track, the second 
10 track and the third track in this order and it is not absolutely necessary 
for the jitter degradation level R3 to be defined as {J(x + l) - Jl>. The 
jitter degradation level R3 may be defined as {J(x+ l) - Jl} / J(x+ l) or 
{J(x+1)-Jl}. 

Moreover, in the above described preferred embodiment, although 
15 the jitter degradation level R4(a + l) is defined as {JJ<m + l) - JlO}, it is 
not absolutely necessary for the jitter degradation level R4(d + l) as {J Jin 
+ 1) - JlO) and it is sufficient for the jitter degradation level R4(n + l) to 
be defined as a function of the difference between jitter JJCo + l) of a 
reproduced signal obtained by reproducing a test signal recorded on the 
20 second track after directly overwriting the test signal recorded on the first 
track and the test signal recorded on the third track with the test signal n 
times and jitter JJO of a reproduced signal obtained by reproducing a test 
signal recorded on the second track after recording the test signal on the 
first track, the second track and the third track in this order. 
25 According to the present invention, it is possible to provide a 

method for determining the power of a laser beam which can determine 
the recording power of the laser beam so that jitter of a reproduced signal 
obtained by reproducing data recorded in a data rewritable type optical 
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recording medium can be controlled within a tolerance even when cross 
erasing of data occurs and that the reproduced signal having the highest 
level can be obtained. 

Further, according to the present invention, it is possible to 
5 provide a method for determining a critical parameter used for 
determining the power of a laser beam which can determine the recording 
power of the laser beam to be projected onto a data rewritable type optical 
recording medium so that jitter of a reproduced signal obtained by 
reproducing data recorded in the data rewritable type optical recording 
10 medium can be controlled within a tolerance even when cross erasing of 
data occurs and that the reproduced signal having the highest level can 
be obtained. 

Furthermore, according to the present invention, it is possible to 
provide a data rewritable type optical recording medium in which a 

16 critical parameter used for determining the power of a laser beam which 
can determine the recording power of the laser beam so that jitter of a 
reproduced signal obtained by reproducing data recorded therein can be 
controlled within a tolerance even when cross erasing of data CM:curs and 
that the reproduced signal having the highest level can be obtained. 

20 Moreover, according to the present invention, it is possible to 

provide a data recording apparatus storing a critical parameter used fox 
determining the power of a laser beam which can determine the recording 
power of the laser beam to be projected onto a data rewritable type optical 
recording medium so that jitter of a reproduced signal obtained by 

25 reproducing data recorded in the data rewritable type optical recording 
medium can be controlled within a tolerance even when cross erasing of 
data occurs and that the reproduced signal having the highest level can 
be obtained. 
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Further, according to the present invention, it is possible to 
provide a data recording apparatus storing an optimum recording power 
of a laser beam to be projected onto a data rewritable optical recording 
medium so that jitter of a reproduced si^al obtained by reproducing data 
5 recorded in the data rewritable type optical recording medium can be 
controlled within a tolerance even when cross erasing of data occurs and 
that the reproduced signal having the highest level can be obtained. 
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